INTRODUCTION
India has the highest number of maternal deaths worldwide (50 000 maternal deaths in 2013), 1 and within India, the north-eastern
Key questions
What is already known about this subject?
▸ In low and middle income countries, there is a continued focus on increasing the proportion of facilitybased deliveries, thereby increasing the need to monitor the quality of maternity care in hospitals. ▸ Case reviews of severe life-threatening maternal conditions have been initiated in a few countries such as South Africa, Benin, Ghana, Ivory Coast, Malaysia and Papua New Guinea, but these studies do not describe use-in low and middle income countries-of a hospital-based surveillance system to measure incidence and case-fatality of severe maternal morbidity, on an ongoing basis.
What are the new findings?
▸ This study showed the feasibility of establishing a simple anonymous hospital-based obstetric surveillance system (the Indian Obstetric Surveillance System-Assam (IndOSS-Assam)) as a first step towards estimating the incidence and case-fatality of severe life-threatening complications during pregnancy and childbirth in the Indian state of Assam. ▸ The surveillance platform of IndOSS-Assam is already established in the two medical colleges that participated in this pilot study. Involvement of local clinicians, policymakers, researchers, public health specialists and academics, from the inception of the project to testing the system, showed that there is willingness and commitment to establish and scale up IndOSS-Assam to other hospitals in the state.
Recommendations for policy
▸ This pilot study showed a high incidence of eclampsia, postpartum haemorrhage, puerperal sepsis, septic abortion, uterine rupture and heart failure due to severe anaemia in pregnancy in the state, along with a high-case fatality rate. This suggests the need to focus research and policies to improve management of these conditions to reduce the burden of maternal mortality and morbidity in the state.
state of Assam has a high maternal mortality ratio (MMR=301/100 000 live births in 2012-2013), 2 higher than the national average (MMR=178/100 000 live births in 2010-2012. 3 It has been hypothesised from the existing demographic and health surveys that anaemia and teenage pregnancy are important contributors to this high burden of maternal deaths in Assam, but there are limited data to investigate this. 4 5 There are no up-to-date epidemiological data to refine existing programmes and policies, nor those to develop new ones. Routine surveillance systems would provide the much needed data to investigate the risk factors for maternal morbidity and mortality in the state, as well as to assess the impact of ongoing maternal health programmes such as the 'Mamoni Scheme' and Janai Suraksha Yojana. These cash incentive schemes encourage pregnant women to undergo at least three antenatal checkups and to deliver in a health institution. 6 7 Currently, the electronic maternal death reporting system (e-MDR) of the national Health Mission in the state collates information on the number of maternal deaths per district per month. 8 However, deaths are only the tip of the iceberg and a large number of women develop severe morbidity due to these conditions. Establishing a state-wide hospital-based obstetric surveillance and research system is a first step towards generating evidence about the major risk and prognostic factors for maternal morbidity and mortality in the state of Assam. Audits are not generally acceptable due to concerns about attribution of blame, 9 and thus an anonymous data collection system provides an ideal route to obtaining the appropriate information to conduct much needed research and surveillance. The proportion of childbirths in a health institution in Assam has been reported to have increased from 58% in 2010-2011 10 to 66% in 2012-2013 (rural 63% and urban 84%), 11 thereby raising the need for a meaningful and straightforward means of monitoring the quality of maternity care in the hospitals. Once established, a surveillance system could provide a platform to conduct epidemiological studies, to generate evidence to prevent severe maternal morbidity (defined as life-threatening complications during pregnancy and childbirth) and to guide management of severe obstetric complications to reduce mortality.
However, existing approaches, such as the WHO nearmiss approach, which has 25 markers for severe maternal morbidity, 12 are complex and difficult to implement in practice, and not all criteria are reported to be relevant to the Indian context. 13 14 The UK has successfully implemented a surveillance and research system, the UK Obstetric Surveillance System (UKOSS), 15 which has enabled the collection of anonymous information on a range of uncommon but severe pregnancy complications nationally. Since its inception in 2005, UKOSS has successfully generated evidence to guide prevention and management of major obstetric complications, and to inform policies, service planning and address patient safety issues. 16 This has encouraged Australia, New Zealand and several countries in Europe to establish similar systems. 17 The aim of this project was to assess the feasibility of establishing a simple obstetric surveillance and research system in Assam (the Indian Obstetric Surveillance System-Assam (IndOSS-Assam)) using the UKOSS model in order to describe the changing epidemiology of risk factors, management and outcomes associated with maternal deaths and specific morbidities in the state. IndOSS-Assam has two components: surveillance and research. This paper presents the results of the pilot study that assessed the feasibility of setting up the surveillance platform of IndOSS-Assam.
METHODS
The objective of this pilot study was to adapt the UKOSS methodology to the context of Assam in order to develop a simple maternal morbidity surveillance system for the state (IndOSS-Assam). Details of the UKOSS methodology are described elsewhere. 15 16 Briefly, UKOSS is a surveillance and research platform that enables collection of information on specific pregnancy complications through case notification cards sent to nominated reporting doctors and midwives in all consultant-led obstetric units in the UK every month, with an approach of 'nil-reporting'. 15 For every case reported, details are collected on a data collection form by the clinician responsible for managing the case. Rigorous follow-up of non-responders ensures completeness of data. 15 A similar methodology was used for IndOSS-Assam.
Four main tasks were undertaken in the development and piloting of the surveillance platform of the IndOSS-Assam: (1) setting up of a steering committee; (2) establishing priorities for the region; (3) mapping of reporting hospitals; and (4) piloting the system of case notification cards in selected centres. A fifth task was to assess the feasibility of using routine medical records for conducting epidemiological studies through the IndOSS-Assam 'research platform' in order to describe the risk factors, management and outcomes associated with specific life-threatening complications during pregnancy and child birth in the state of Assam. The details are presented in a separate paper. 18 The activities undertaken to examine the feasibility of establishing IndOSS-Assam are summarised in figure 1 .
The conditions to be included in surveillance during the pilot study were identified by stakeholder consultation with members of the steering committee and others, based on their main concerns about severe maternal mortalities specific to Assam and informed by an initial analysis of the causes of death reported through the e-MDR. 18 Two tertiary hospitals, Fakhruddin Ali Ahmed Medical College and Hospital (FAAMCH), Barpeta and Guwahati Medical College and Hospital (GMCH), Guwahati, were purposively selected by the steering committee as centres for pilot testing the case notification system of IndOSS-Assam, to include one hospital in the state capital and one more peripheral hospital. A case notification card (figure 2) was designed to collect information on the number of cases and deaths due to the six selected priority conditions associated with increased risk of maternal mortality in the state. The IndOSS-Assam monthly case notification system was launched in March 2015 in the two medical colleges under the supervision of the steering committee.
Statistical analyses
We compiled the information from the case notification cards and calculated the proportion of cases as a percentage of the total deliveries with 95% CIs and the case fatality rate with 95% CI for each condition in each hospital.
RESULTS

Setting up a steering committee
A multidisciplinary steering committee was successfully constituted in the state, including senior representatives from obstetrics, medical education, public health, medical research and university organisations, as well as individual representatives from professional specialties. A total of six steering committee meetings were held during a period of 18 months, either in person or by teleconference, including in consultation with UKOSS researchers, in order to adapt the UKOSS methodology to the context of Assam.
Establishing priorities for the region There were 3753 maternal deaths reported through the e-MDR between April 2011 and August 2014, which is approximately half of the estimated 6333 deaths based on the MMR of 301/100 000 live births. The main causes of death were reported to be anaemia, eclampsia, sepsis, haemorrhage, obstructed labour and septic abortion (figure 3). For almost half the cases, the cause was not known, or reported as 'others'. Almost 64% of the deaths occurred in hospitals (figure 4), which further confirmed that a hospital-based surveillance system would be able to capture a majority of the cases of severe maternal morbidity and mortality.
Based on the analyses of the causes of death and stakeholder consultation, six conditions were included in the pilot phase ( phase-1) of IndOSS-Assam: five causes of direct maternal mortality-eclampsia, postpartum haemorrhage (PPH), puerperal sepsis, septic abortion and uterine rupture, and one suspected cause of indirect maternal death in the state-anaemic heart failure (heart failure during pregnancy and delivery as a consequence of severe anaemia 19 ).
Mapping of reporting hospitals
The major tertiary and community government and private hospitals were identified and manually mapped to assess their geographical distribution. All 14 major tertiary government hospitals were identified (figure 5).
Piloting the surveillance system in two selected centres The pilot system was successfully established, with 100% of monthly reports returned to the steering committee at the Srimanta Sankaradeva University of Health Sciences for the two medical colleges during the pilot phase between March and August 2015. Paper-based case notification cards were received in a timely manner, nil-reporting ensured completeness and there were no identified problems in reporting. The reporting was overseen by either a senior obstetrician or the Head of the Department of Obstetrics and Gynaecology in each medical college. There were a total of 10 475 deliveries in the two medical colleges participating in IndOSS-Assam in the 6 months of the pilot study; 402 cases and 66 deaths as a result of one of the six conditions under surveillance were reported (table 1). The incidence of eclampsia was 17 per 1000 deliveries (95% CI 14 to 19), PPH was 11 per 1000 deliveries (95% CI 10 to 13) and anaemic heart failure was 3 per 1000 deliveries (95% CI 2 to 5). For each of the other three conditions-puerperal sepsis, septic abortion and uterine rupture-the incidence rate was 2 per 1000 deliveries. Case fatality due to these conditions was high, 16% (95% CI 13% to 20%) of women who were diagnosed with these conditions died, the highest case fatality rate being for puerperal sepsis and anaemic heart failure (table 1) .
DISCUSSION
This study showed that setting up a simple surveillance system is feasible, and that there is also willingness and enthusiasm among the clinicians in the state to establish IndOSS-Assam. Data collected during the pilot study on six conditions, eclampsia, PPH, puerperal sepsis, septic abortion, uterine rupture and anaemic heart failure, showed a high incidence (4% of all deliveries) and fatality (16% of all cases) associated with these conditions among pregnant women who delivered in the two pilot hospitals.
A number of factors were felt to have contributed to the success of the pilot project, the most important being local stakeholders including clinicians, public health specialists and academics from the medical colleges, hospitals and the university, taking ownership and driving the project, with support from UKOSS researchers. The other key factor was the simple straightforward design of the IndOSS-Assam system. Regular meetings with the steering committee, to identify hurdles in implementing the system and anonymous reporting of cases and deaths, without attribution of blame, were other strengths identified by the steering committee members and the reporting clinicians. 
Strengths and limitations of this study
Despite the fact that Assam has a high MMR in India, little work has been undertaken, to date, to generate good quality evidence about the incidence of severe lifethreatening complications during pregnancy and childbirth, with the aim of monitoring the patterns and trends of these conditions in the state. The surveillance platform of the IndOSS-Assam can be used to generate evidence about trends in the incidence and case-fatality of important life-threatening conditions on an ongoing basis. This will help direct research and policies to improve the management of conditions with high incidence and casefatality, in order to reduce the burden of maternal mortality and morbidity in the state. This study demonstrated the feasibility of establishing IndOSS-Assam as a hospital-based surveillance system in the state. IndOSS-Assam, being an anonymised data collection system, avoids the attribution of blame while generating robust incidence estimates to improve maternal health in the state.
Although we were able to estimate hospital-based incidence rates for six major causes of maternal mortality and morbidity in Assam, these do not necessarily reflect the population-level incidence of these conditions. The estimated incidence and fatality could be lower than the true population incidence, as not all pregnant women deliver in a health facility. It is also possible that our estimates are higher than the true population rate, since pregnant women with serious complications are more likely to be referred to the tertiary hospitals. High fatality could be due to late referral of cases, but it could also be associated with inadequate management and care during pregnancy and delivery. Nevertheless, this pilot study showed that 1 in 25 women who delivered in two tertiary hospitals (FAAMCH and GMCH) suffered from one of the six major causes of maternal deaths in the state and 1 in 130 women died as a result of these conditions. This further justifies the need for establishing IndOSS-Assam as a platform for ongoing surveillance and research in the state. Expanding the network of reporting hospitals for IndOSS-Assam to all tertiary government hospitals and major private maternity hospitals in subsequent phases of the project would ensure that information on the large majority of cases with severe complications are captured.
Findings in relation to other studies
An earlier study in the FAAMCH tertiary hospital identified 66 cases of severe maternal morbidity in 1729 deliveries between June and October 2014, of which 39% were eclampsia and 24% PPH, 20 leading to an estimated incidence rate of 1.5% for eclampsia and about 1% for PPH among the total deliveries. These rates are a half to two-thirds lower than that estimated by the IndOSS-Assam active surveillance in the same hospital between March and August 2015. The maternal death reviews in the state show eclampsia, PPH and anaemia to be the major causes of maternal mortality (figure 3), however, maternal mortality rates are not calculable as denominator information about the number of women delivering is not available. The added value of IndOSS is not in estimating the number of deaths due to these known causes of maternal death in Assam, but to monitor the incidence and case-fatality of these important conditions. Allied studies aim to improve their in-hospital management, as the number of facility-based deliveries increase in the state, in order to reduce maternal morbidity and mortality. IndOSS-Assam showed a high incidence of these conditions among pregnant women who delivered in the two pilot centres as well as high fatality rates associated with anaemic heart failure and sepsis.
The million death study estimated that a quarter of the maternal deaths in India were due to PPH. 21 'Dead women talking', a civil society report on maternal deaths in India, identified anaemia to be the second largest cause of maternal death in India after PPH. 22 Of the 22 women (of 124) who were reported to die from anaemia, 11 had cardiac failure during labour or delivery and in at least 8 of the 29 deaths from PPH, anaemia was a contributing factor. 22 Another study in India reported a prevalence of 9.4% cardiac failure among women with severe anaemia. 23 This is the first system in Assam to initiate data collection to estimate the incidence of maternal morbidity on an ongoing basis, including cardiac failure due to anaemia during pregnancy. Prior to this study, the incidence and case-fatality rates due to anaemic heart failure among pregnant women in Assam were not known. Through the research platform, we were also able to conduct a retrospective cohort study on the adverse maternal and fetal outcomes of anaemia during pregnancy. As mentioned above, the findings are presented separately. 18 The incidence (2%) and case-fatality (12%) rates of eclampsia estimated by the IndOSS-Assam pilot study in the two medical colleges are higher than the rates reported by hospital-based studies in other states in India. A prospective study conducted in a hospital in Nagpur between January 2008 and December 2010 estimated the incidence of eclampsia to be 0.9% and casefatality 5.5%. 24 Similar rates were reported by a teaching Figure 5 Geographical mapping of future reporting hospitals for IndOSS-Assam and reporting hospitals taking part in the pilot study.
hospital in Karnataka (incidence 1% and case-fatality 4%). 25 A study in a tertiary hospital in Kolkata identified PPH to be a major cause of maternal morbidity, with an estimated case-fatality rate of 7.5%. 26 While puerperal sepsis is a known cause of maternal mortality in India, we found only one study that provided estimated incidence of puerperal sepsis in six hospitals in the state of Gujarat. 27 The study reported an incidence of 4%, which is higher than the 0.2% estimated through IndOSS-Assam. 27 A study that reviewed the records of all deliveries in a tertiary hospital in Chandigarh over a period of 15 years ( January 1988 to December 2002) found 315 cases of septic abortion among 46 417 deliveries, giving an incidence of 0.7%, which is comparable to that estimated through IndOSS-Assam in the two pilot hospitals, although the case-fatality rate in the Assam hospitals (31%) was higher than that estimated in the Chandigarh hospital (25%). 28 A hospital in central India estimated an incidence of 0.06% for uterine rupture over a period of 12 years (1989-2000) , with a case-fatality rate of 6%. 29 It therefore appears that the incidence rates of the six conditions estimated through the IndOSS-Assam are, in general, comparable with the incidence of these conditions estimated by hospitalbased studies in others parts of India, but the reported case-fatality rates in the two hospitals in Assam are much higher, further justifying the need for establishing IndOSS-Assam.
Implications and future research IndOSS-Assam has been shown to be a feasible and simple system to initiate surveillance of the major causes of maternal death in the state, to estimate the incidence and case-fatality rates on an ongoing basis. An examination of the research platform alongside the feasibility study for setting up the surveillance system showed that, through IndOSS-Assam, detailed studies on these conditions can be conducted to identify the specific preventive and management factors that need to be improved to reduce the deaths and severe complications associated with the conditions. 18 For example, the study showed that iron deficiency anaemia during pregnancy is associated with increased odds of PPH, and the risk increased by 17-fold among women with moderatesevere anaemia who underwent induction of labour and by 19-fold among women who had infection and moderate-severe anaemia. 18 These findings raise important questions about how pregnant women with moderate-severe anaemia should be managed during labour and delivery. At present, there are no clear guidelines, and lessons learnt from further studies can be used to inform local and global guidance about management of labour and delivery among pregnant women with moderate-severe anaemia. The implementation and outcomes of the resultant guidelines/actions can be monitored through the research and surveillance platform of IndOSS-Assam. In addition to generating new hypotheses, the research platform will be used to investigate the gaps in management of women with specific life-threatening conditions on a rolling basis, as well as to identify good practices. The data collected through both platforms, being anonymous, avoid attribution of blame to any particular hospital or healthcare provider.
Involvement of local clinicians, policymakers, researchers, public health specialists and academics from the inception of the project to testing the system shows that there is willingness and commitment to establish and scale up IndOSS-Assam to other public and private maternity hospitals in the state. We will explore the possibility of integrating the surveillance component of IndOSS-Assam with the existing health management information system of the National Health Mission in Assam. Integration would minimise duplication of effort, enable sustainable scaling up of the surveillance platform to all government health centres in the state, streamline data flow and improve government ownership of the data, facilitating timely action. In the longer term, the IndOSS-Assam model could be used in other states in India to encourage the establishment of a national system.
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